We have determined the map location and primary structure of two fragments of spinach chloroplast DNA which encompass the genes for tRNA_l and tRNA :,. Identification of the genes for these two RNA species is Based on the sequence of their anticodon triplets and on a comparison of the sequences with those of the equivalent tRNAs from Escherichia coli • Each gene occurs only once on the spinach chloroplast genome and neither contains an intervening sequence. Hybridization of the restriction fragments carrying these genes to chloroplast tRNA showed that both genes are transcribed in vivo.
INTRODUCTION
Chloroplasts contain their own specific tRNAs which are coded in the chloroplast genome. Although tRNAs for only 16 to 18 of the amino acids have so far been identified (see (1) for specific references), it is generally accepted that all tRNA species necessary to support chloroplast protein synthesis are present in the organelle.
Hybridization studies show there are between 30 and 45 tRNA genes present (see (1, 2) for references), the number being greater than 20 because there are isoaccepting species for some tRNAs and because there are two copies of those genes which fall within the inverted repeat region of the chloroplast genome.
In spinach chloroplasts, genes for 23 tRNAs acylating 15 amino acids have been mapped to approximate sites on the restriction map of the genome and a number of the tRNAs and/or their genes have been sequenced (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . tRNA ys has been detected in spinach chloroplasts (3) but not mapped. tRNAs for cysteine, aspartic acid, glutamic acid and glutamine have not as yet been Cvs detected. tRNA ' has not been reported to occur in the chloroplasts of any plant species and although tRNA P has been identified in the chloroplasts of maize, soybean and cyanophora (see (2) for references) the gene has not been mapped. In this paper we present the map location and sequence of two restriction fragments from spinach chloroplast DNA which include the coding region for tRNA CyS and tRNA Asp .
METHODS
The cloning of BamHI fragments of spinach chloroplast DNA into pBR322 has been described previously (14) . Chloroplast DNA and RNA were prepared as described previously (18) .
Electrophoresis of RNA and restricted DNA, blotting to diazotized aminothio-32 phenol paper or cellulose nitrate membranes and hybridization with P-dNTP nick-translated or fill-in labelled probes have been described (16) .
RESULTS AND DISCUSSION
In a study of the transcripts arising from different regions of spinach chloroplast DNA we observed that BamHI fragments 8b (4.4 kb) and 9 (4.2 kb) hybridized to tRNA (unpublished data). These two fragments are located next to each other on the spinach chloroplast DNA restriction map (19) in the region common to Sail fragment 2 and PstI fragment 4 as shown in Figure 1A .
According to previously published data (3, 10, 11) , the tRNAs coded by these fragments could conceivably be any one or more of those for serine, methionine, tyrosine, arginine, proline or threonine. A partial restriction map of the two BamHI fragments was constructed ( Figure IB ) and the EcoRI fragments were subcloned into pBR325. The EcoRI fragment spanning the Junction BamHI site was subcloned from Pstl fragment 4 into pUC8. When these EcoRI fragments were labelled and used to probe Northern blots of chloroplast RNA, only the 2 kb, the 0.8 kb and the 0.7 kb fragments gave a positive signal with the tRNA region (data not shown). Smaller restriction see Figure 1C) . The numbers mark the positions to which 23S, 16S and 5S (2900, 1500 and 120 nucleotides) 15. coli ribosomal RNAs migrated. The spots in the region of 700 nucleotides are due to non-specific hybridization, occurring in all gel patterns regardless of the probe being used. is that for tRNA , recently described by Kashdan and Dudock (11) .
The sequence of part of the 0.8 kb and 0.7 kb EcoRI fragments and of all the adjacent 0.2 kb EcoRI fragment, determined according to the strategy shown in Figure 1C , is given in Figure 3 . By scanning the sequences for the 5'GTTCNA3' motif common to all tRNAs two tRNA genes were identified. The tRNAs coded by each of these sequences is shown in clover-leaf form in Figure   4 . On the basis of the anticodon sequences, the gene contained in the 340 bp BamHI-EcoRI fragment codes for tRNA?fJJ and that contained in the 247 bp Hinfl fragment codes for tRNAgi,. Their location and direction of transcription is Figure 4 . Cloverleaf structure of spinach chloroplast tRNA P and tRNA yB . The 3' CCA end of the tRNAs is not coded by the chloroplast genome. Arrows indicate differences in the analogous E_. coli isoacceptor tRNAs (29) . indicated in Figure 1C .
Confirmation that the designation of the tRNAs is correct was provided by comparing the spinach chloroplast DNA sequences with those of the E_. coli and yeast sequences for tRNA p and tRNA * . The homology between spinach chloroplast and E^. coli sequences for tRNA p is 73Z and that for tRNA-J,"?
is 63Z (Figure 4 ). The corresponding homologies between chloroplast and yeast are 47Z and 60Z respectively. Like the E^. coli gene, the chloroplast tRNA^8 gene has one less nucleotide in the variable loop than the yeast gene and it has only three base-pairs in the D-stem, not four ( Figure 4 ).
As appears to be invariably the case for chloroplast tRNAs, the 3'
terminal CCA is not encoded in the genes. Neither gene contains an intervening sequence such as is known to occur for instance, in the tRNA genes for alanine, isoleucine, leucine and valine from maize (20, 22) isoaccepting tRNAs are present.
The tRNA P and tRNA ys genes are located on opposite strands of spinach chloroplast DNA, the former being on the same strand as, and approximately 20 kb from the gene for the g subunit of ATPase (27) . Their location in the the Sail fragment 2, PstI fragment 4 region of the spinach chloroplast genome was in no way anticipated prior to these studies. Presumably the genes for the two remaining undetected tRNA species in spinach chloroplasts, those for glutamic acid and glutamine, will be revealed similarly as a bonus in the course of other sequencing studies.
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